OBJECTIVES: To investigate potential factors associated with joint pain among postmenopausal women. DESIGN: Population-based cross-sectional study. SUBJECTS: Six hundred and ninety postmenopausal Japanese±American women from the Hawaii Osteoporosis Study (age: 55±93 y). MEASUREMENTS: Data for this study were collected at the 1992±1994 examination of the Hawaii Osteoporosis Study, except that data on spinal osteoarthritis were obtained based on radiographs at examinations before 1987. Information on painful joints at a variety of skeletal sites, smoking, and physical activity was collected by questionnaire. Bone density was measured at the lumbar spine, distal and proximal radius, and heel. Quantitative bone ultrasound was also measured at the heel. Prevalent vertebral fractures were identi®ed on lateral spine radiographs using 3 s.d. below the normal population mean as the cutoff. Non-spine fractures were identi®ed based on self-report, and were veri®ed using medical records. RESULTS AND CONCLUSIONS: In this cross-sectional analysis, bone density, quantitative bone ultrasound, prevalent vertebral fractures, and non-spine fractures were not signi®cantly associated with joint pain. Greater body weight or body mass index were signi®cantly and positively associated with joint pain at most weight-bearing joints. The results suggest that a substantial proportion of joint pain at these sites could be prevented by avoidance of excess weight, provided the association is causative. Longitudinal studies are needed to con®rm the observed cross-sectional associations.
Introduction
Joint pain is a very common complaint among the elderly. 1, 2 It may lead to functional limitations, affect quality of life, and have strong socioeconomic impact on our society. Although some investigators have explored the associations of excess weight and obesity with speci®c disorders which may lead to joint pain, such as rheumatoid arthritis, 3 osteoarthritis and gout, 4 few studies have investigated the overall impact of weight or obesity on joint pain in a population setting. The objective of this study was to examine the prevalence and correlates of joint pain based on cross-sectional data collected from the Hawaii Osteoporosis Study, a population-based study of Japanese± Americans living in Hawaii. In addition to excess weight, the potential association of bone density with joint pain was also of particular interest. Women with low bone density have a higher incidence of fractures, and may be at greater risk of other bony defects which may affect joints. Alternatively, high bone density is associated with osteophytic osteoarthritis, 5, 6 and therefore high bone density might be associated with joint symptoms.
Subjects and methods

Subjects
Details concerning recruitment and examination of the subjects have been described elsewhere. 7, 8 Brie¯y, male subjects of the Hawaii Osteoporosis Study (HOS) were recruited from the Honolulu Heart Program (HHP), which is a prospective cohort study of coronary heart disease and stroke among men of Japanese ancestry born between 1900±1919 and living on the island of Oahu, Hawaii in 1965. Using the World War II Selective Service Roster, 11 148 eligible men were identi®ed, and a total of 8006 men participated in the ®rst HHP examination during 1965±1968. In 1970, a 30% random sample of the HHP men was selected to participate in the ®rst HHP lipoprotein examination. In 1980, 1685 surviving men of this random sample, and their wives, if also of Japanese ancestry, were invited to participate in the HOS. A total of 1379 men and 1105 wives participated in the ®rst HOS examination during 1981±1982. Subsequent examinations have been conducted at intervals of one to three years. The wives were the focus at the eighth HOS examination, which included a survey of joint pain. Therefore, the subjects included in the present study were 690 surviving postmenopausal Japanese±American women aged 55±93 y who participated in the eighth HOS examination cycle between 1992 and 1994. This study was approved by the local Investigational Review Board, and all subjects gave written informed consent prior to the examination.
Information on painful joints was collected by questionnaire. Subjects were asked`Which of your joints have ever been painful, swollen, aching, or tender on most days for at least one month (currently, or in the past)?' Speci®c response categories (shoulders, elbows, wrists, hands/®ngers, hips, knees, ankles, feet, neck, upper back, midback, and lower back) on both sides of the body were provided on an illustration of the skeleton. Information on current smoking status (yes/no) and frequency of regular physical activity (no, less than once a week, at least once a week) were also collected by questionnaire. The question on physical activity referred to activity performed long enough to work up a sweat. Data on spinal osteoarthritis were based on the most recent lateral spine radiographs obtained in examinations before 1987, as diagnosed by a radiologist. In this study, spinal osteoarthritis was con®ned to degenerative changes in the facet joints. Reader reliability was not tested. Height and weight were measured with the subject in light clothing and without shoes. Body mass index (BMI) was calculated as weight(kg)/height(m) 2 .
Bone density and broadband ultrasound attenuation measurements
Bone mineral density (BMD) was measured at the lumbar spine (L1-L4) (g/cm 2 ) using a QDR-1000 Xray densitometer (Hologic, Waltham, MA). The average of two or more nondeformed vertebrae was used. Bone mineral content (BMC, g/cm) at the distal and proximal radius, and BMD (g/cm 2 ) at the calcaneus were measured using a single-energy X-ray (SXA) densitometer (Osteoanalyzer, Dove Medical, CA). The distal radius was measured beginning at the location where the radius and ulna are separated by 4 mm, and the proximal radius is measured at a distance of one third the ulna length. The calcaneus measurements are based on a 2.7 cm section of the calcaneus which represents the region of lowest bone density. Broadband ultrasound attenuation (BUA) measurements at the calcaneus were performed using a Walker-Sonix model UBA-575. Calibration of densitometers was performed daily. Reproducibility was 0.009 g/cm 2 for spine BMD, 0.014 g/cm for distal radius BMC, 0.015 g/cm for proximal radius BMC, 0.003 g/cm 2 for calcaneus BMD, and 3.6 dB/ MHz for calcaneus BUA measurements.
9,10
Fracture diagnosis
Lateral radiographs were performed with the subject lying on her side, with knees bent. All radiographs were obtained using a tube-to-®lm distance of 105 cm. Thoracolumbar spine radiographs (generally including all vertebrae below the level of T8) were centered approximately at the level of L2, and thoracic ®lms (T3-T12) were taken with the tube positioned approximately over T8. The anterior (H a ), medial (H m ) and posterior (H p ) heights of each vertebral body were measured with the aid of a microcomputer-linked digitizing pad. The points indicating the border of the vertebral centrum were chosen based on the procedure described by Gallagher et al 11 and Spencer et al. 12 A prevalent vertebral fracture was de®ned as a vertebra with at least one dimension (H a , H m or H p ) more than 3 s.d. below the vertebra-speci®c population mean. Identi®cation of non-spine fractures was based on self-report, which included date, cause, and skeletal location of the fractures. Information on nonspine fractures was veri®ed from medical records.
Statistical analysis
Pearson's w 2 -test was used to compare the prevalence of joint pain between overweight subjects and nonoverweight subjects. In this study, overweight women were de®ned as those with body mass index greater than 25 kg/m 2 . Thus women with excess weight in this paper would include the categories of overweight (25`BMI 30), obese (30`BMI 35) and very obese (BMI b 35), which have been de®ned by other investigators. 13 Attributable risk (etiologic fraction) was calculated to estimate the proportion of joint pain that is attributable to being overweight (assuming that the association is causative).
14 Logistic regression was used to explore potential predictors of joint pain. To explore the relationship between joint pain and the average bone density across the measurement sites, a Z-score (with mean 0 and s.d. 1) was calculated for the bone density (including BMC and BUA) measured at each site and the mean of the Z-scores was used as a measure of overall bone density level. The analysis was ®rst conducted using joint pain at any joint site (at least one painful joint vs no painful joint) or in three regions of the body (arm, leg, or back) as the dependent variable. The analysis was then repeated using pain (yes vs no) at each speci®c joint (such as hand, wrist, elbow) as the dependent variable in separate models. SAS software (Cary, NC) was used for the data analysis.
Results
The characteristics of the study subjects are summarized in Table 1 . Almost half of the women reported joint pain at one or more sites. Up to one-third of all women had prevalent fractures or radiographic evidence of osteoarthritis. Table 2 shows the results of logistic regression analyses using`joint pain at any site' or joint pain at the arm, leg, or back as the outcome variable. Both BMI and spinal osteoarthritis were signi®cant and strong predictors of joint pain at any site. The estimated ratio of the odds of experiencing joint pain at one or more joints for women with spinal osteoarthritis, relative to those without spinal Factors associated with joint pain C Huang et al osteoarthritis, was 1.56 (P`0.05). The odds ratio for a 1 s.d. (3.98 kg/m 2 ) increase in BMI was 1.51 (P`0.01). For regional joint pain, BMI was signi®-cantly associated with joint pain in all three regions (arm, leg, back), but the association was stronger for joint pain in the leg and the back, compared to the arm. Spinal osteoarthritis was more strongly associated with joint pain in the arm (OR 1.52, P`0.05) than with joint pain in the leg (OR 1.41, P`0.1), and no association was observed with back pain (OR 1.18, P b 0.1).
Among other variables tested in the logistic regression, number of prevalent vertebral fractures appeared to have a very weak association with joint pain in the back with marginal signi®cance (OR 1.16, P`0.1). Although number of prevalent nonspine fractures was weakly associated with joint pain at any site (OR 1.24, P`0.1), no associations were observed between number of prevalent arm or leg fractures and joint pain in the corresponding locations. Current smoking status appeared to have an inverse association with joint pain at any site (OR 0.38, P`0.1), but the association did not reach signi®cance, and became weaker when the analyses were restricted to the joints in speci®c regions. The frequency of physical activity signi®cantly associated only with back pain. Age and mean Z-score of bone mineral density were not associated with joint pain at any locations. Proximal and distal radius BMC (g/cm), spine BMD (g/cm 2 ), calcaneus BMD (g/cm 2 ) and calcaneus BUA were also tested as independent predictors of joint pain (instead of using mean Z-score) in logistic models. None of them showed signi®cant associations with joint pain after adjusting for other covariates. Table 3 shows that the overall prevalence of joint pain varied from one location to another. Lower back, knee, shoulder and hand showed a much higher prevalence of pain than other sites. About 30% of women were overweight (BMI b 25 kg/m 2 ). The prevalence of joint pain at the shoulder and at several weight-bearing sites (foot, ankle, knee, midback, and lower back) was signi®cantly higher among women with BMI b 25 kg/m 2 , compared to those with BMI 25 kg/m 2 . Attributable risk was calculated for each site (including those without signi®cant associations with BMI for the purpose of comparison). For the joints signi®cantly associated with BMI, the attributable risk varied from 17.8% (shoulder) to 34.8% (ankle).
The data presented in Table 4 indicate that the magnitude of the association between BMI and joint pain varied by skeletal site. In general, BMI had much stronger associations with weight-bearing joints (lower limb and spine) than non-weight-bearing joints (upper limb). Among upper limb joints, only pain at the shoulder had a signi®cant association with BMI. Among lower limb joints, pain at the knee and ankle were strongly associated with BMI, whereas the association between BMI and hip pain was weaker. For back pain, the upper back had the weakest ).`Regular physical activity' is an ordinal variable measuring the frequency of regular physical activities with 0 no regular activity, 1 less than once a week, and 2 At least once a week. The outcome variables for the 4 logistic models were at least one painful joint (vs none) at any skeleton sites, in the arm, in the leg, and in the back, respectively. Ð indicates the variable not adjusted in the model. 
Discussion
In this cross-sectional study, we examined the potential associations of BMI, bone density, spinal osteoarthritis, previous fractures, current smoking status, physical activity, and age with joint pain. The identi®cation of painful joint(s) was based on subjects' responses to the question:`Which of your joints have ever been painful, swollen, aching, or tender on most days for at least one month (currently, or in the past)?' There is substantial overlap between this question and the criteria for the classi®cation and clinical diagnosis of osteoarthritis (OA). In the criteria sets developed by the Subcommittee on Osteoarthritis of the American College of Rheumatology's Diagnostic and Therapeutic Criteria Committee,`joint pain for most days of the prior month' was the major inclusion parameter for identifying the patients with clinical OA. 4 A similar question has been used for identifying symptomatic OA. 13, 15, 16 Thus, the association of BMI with joint pain found in this study may partly represent an association between BMI and symptomatic OA. Radiographic features of spinal OA (primarily facet joint in this study) were also associated with nonspine joint symptoms. However, adjustment for spinal OA had little in¯uence on the association between BMI and joint pain, suggesting that BMI might also be associated with joint pain through mechanisms other than OA.
To date, most epidemiological studies of OA have focused on the knee, hand, and hip OA. An association between obesity and knee OA has been observed in both cross-sectional and prospective studies.
4,13,17±19
Felson et al 16 also reported that weight loss signi®-cantly reduced the risk of knee OA. However, the associations of obesity with hand and hip OA remain controversial. Several studies failed to demonstrate a signi®cant association between BMI or obesity and hand arthritis, while other studies reported that excess weight was associated with hand OA. 4 Some studies have reported a positive but weak association for obesity and hip OA, whereas others have found no association. 4, 20 Our ®ndings suggest that joint pain, which may be partly due to OA, was strongly associated with BMI for the knee, but only weakly associated with BMI for the hip. We found no association between BMI and hand joint pain.
Few population-based studies have examined the associations of BMI with joint pain at all skeletal sites. In this study we found that, in general, BMI had stronger associations with weight-bearing joints than non-weight-bearing joints. The difference in prevalence of joint pain between women with BMI b 25 kg/ m 2 and those with BMI 25 kg/m 2 was greater at the shoulder and weight-bearing joints, compared to other non-weight-bearing joints. These ®ndings suggest a primarily mechanical role for the in¯uence of excess weight on joint pain. For example, excessive stress on weight-bearing joints can lead to OA, 19 which may in turn cause joint pain. The hip is a weight-bearing joint, but hip pain had only weak association with BMI, suggesting that being overweight by itself may not be suf®cient to cause joint pain even in weightbearing joints. Indeed, even among overweight women, only some of them reported joint pain. On the other hand, the estimated attributable risk indicates that a substantial proportion of joint pain at several sites might have been prevented by avoiding excess weight, provided a causative relationship exists. For example, about 29% of knee joint pain 
Attributable risks does not only depend on the magnitude of the association between the risk factor and the outcome condition, but also on the prevalence of the study factor in the population.
14 Thus the attributable risk and public health implications could be even higher in other populations with a greater proportion of overweight people, such as certain Caucasian groups. 21 The attributable risks in Table 3 suggest that prevention of excess weight might reduce ankle and knee pain, but would have little in¯uence on hand joint pain. In a previous study based on the same Japanese±American study population, we found joint pain and increased BMI were signi®cant predictors of dif®culty with a variety of activities of daily living. 22 Therefore, avoiding excess weight may not only prevent joint pain but may also reduce the associated functional limitations and disability.
In this study, no associations were found between joint pain and bone density or quantitative bone ultrasound measurements. Several studies have reported a positive association between bone density and OA, with higher bone density among people with OA.
5,23±26 Although OA is very common among the elderly, some people in this study may have reported joint pain due to causes other than OA. For example, rheumatoid arthritis has been found to be negatively correlated with BMD, 27±30 which may have diluted an associated between OA-related joint pain and bone density. To our knowledge, most of the previous studies focused on the relationship between bone density and radiographic OA (rather than clinical, symptomatic OA).
5,23±26 Since a substantial proportion of subjects with radiographic changes of OA do not have joint pain, 4 many subjects without joint pain in this study may actually have radiographic OA. This misclassi®cation' could be another reason why the present study found no association between joint pain and bone density while several previous studies found a signi®cant association between radiographic OA and bone density.
The association between number of prevalent nonspine fractures and joint pain was weak and did not achieve signi®cance. This is probably because many fractures did not lead to joint injury or the fracturerelated joint injury had healed completely. No signi®cant association was found between number of prevalent vertebral fractures and joint pain. This was true even when back pain was used as the outcome variable (OR 1.16, 0.05 0.1). It is well known that many people with prevalent vertebral fractures are asymptomatic. 31 Furthermore, we have found that only recent vertebral fractures were associated with back pain. 32 One observation of the present study is that spinal OA was signi®cantly associated with joint pain in the arm and probably also associated with joint pain in the leg. However, no association was found between spinal OA and back pain. The association of spinal OA with joint pain in locations other than the back is consistent with data from previous studies, which found that OA often affects multiple joints, especially in women. 19, 33 Poor correlation between symptoms and radiographic degenerative changes in the spine has been reported by other investigators. 34 In addition, back pain may arise from diseases or conditions other than spinal OA, 34 which may dilute the association. These may explain the nonsigni®cant association between back pain and spinal OA in this study.
There is some evidence indicating that smoking may decrease the risk for knee OA, but increase the risk for back pain. 4 In our study, neither joint pain in the leg, nor back pain were found to be signi®cantly associated with current smoking status. Since detailed information on time, amount and cessation of smoking was not available, and a current nonsmoker could have been a heavy smoker in the past, the association of joint pain with smoking based only on current smoking status might have been missed. Regarding physical activity, our data indicate that increase in frequency of physical activity may lead to increased risk of back pain. Although this seems contrary to the common notion that a high level of physical activity may decrease the risk of back pain, our data is consistent with the study of Deyo and Bass. 35 Based on the data from the second National Health and Nutrition Examination Survey conducted in the United Studies between 1976 and 1980, they found that back pain is signi®cantly and positively correlated to level of usual daily activity (quite inactive, moderately active, very active), with an odds ratio of 1.22 for each increment of activity level and an odds ratio of 1.50 for the categories`very active' vs`quite inactive'. 35 This study has several limitations. The lack of information on some potential confounding factors, such as occupation and history of joint injuries, precluded the ability to control for these variables in the analysis. The cross-sectional design does not establish the temporal sequence of events necessary for making casual inferences. For example, one might suspect that excess weight does not always precede joint pain, but could instead be the consequence of reduced physical activity due to joint pain. However, there is no evidence that development of OA subsequently leads to increased incidence of obesity. 36 Rather, the longitudinal data from the Framingham Study and the Tecumeseh Community Health Study suggest that excess weight is a risk factor for knee OA 18,37 and hand OA. 36 Finally, our survey did not distinguish between current and past joint pain. It is possible that stronger associations might have been observed if analyses had been limited to current joint pain.
Conclusion
Greater values of BMI and weight were found to be signi®cantly and positively associated with joint pain Factors associated with joint pain C Huang et al at most weight-bearing sites. Analyses of attributable risk suggest that a substantial proportion of joint pain at these sites could be prevented by avoiding excess weight, provided the relationship is causative. Longitudinal studies are needed to con®rm the observed cross-sectional associations.
